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Substrate Specificity of CrNCS1  
Nucleobase biochemistry is essential during a plant’s life cycle.  Purines 
and pyrimidines are central to nucleic acid biochemistry, ATP synthesis, 
carbohydrate, glycoprotein and phospholipid metabolism, as well as the 
biosynthesis of many secondary metabolites. Previous studies show the 
single cell alga Chlamydomonas reinhardtii is capable of importing 
purines as nitrogen sources. An analysis of the C. reinhardtii genome 
indicates the presence of at least three distinct gene families encoding 
for known nucleobase transporters. The nucleobase cation symporter 1 
(NCS1) family of transport proteins has been shown to transport purine 
and pyrimidine nucleobases. In this study, the solute transport and 
binding properties for the sole C. reinhardtii NCS1 (CrNCS1) are 
determined using heterologous complementation in Saccharomyces 
cerevisiae. 
•Construction of yeast expression plasmid.Oligonucleotide primers 
CrNCS1A and CrNCS1B were used to amplify a 1588bp DNA fragment 
from EST clone 1031058E09.y1. DNA fragment was cleaved with XhoI 
and NotI and cloned into various yeast expression vectors. 
•Radiolabeled uptake by yeast expressing CrNCS1. Yeast incubated 
for 0 and 2.5 minutes of 0 and 5 minutes were exposed to [8-3H]-guanine, 
[2,8-3H]-adenine, [3H]-uracil, [8-3H]-hypoxanthine or [8-3H]-xanthine. 
Radioactivity was measured by scintillation counter.  
•Transport Kinetics of CrNCS1 expressed in yeast. Time courses for 
the uptake of [2,8-3H]-adenine and [3H]-uracil were preformed in yeast 
expressing CrNCS1. Homologous competition was established using 
varying concentrations of cold adenine or cold uracil at 5 minutes. 
•Radiolabeled substrate competition study. Radiolabeled uptake was 
performed using [2,8-3H]-adenine, [3H]-uracil in the presence of various 
cold nucleobases in yeast expressing CrNCS1. 
•Radionuclobase uptake in the presence of protonophore or Na+ 
pump uncoupler. Yeast cells expressing CrNCS1 were exposed to 
CCCP and ouabain-octohydrate.  
•CrNCS1 is shown to act as a transporter of adenine, guanine, uracil, and 
allantoin.   
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Figure 2. Growth of S. cerevisiae 
cells harboring CrNCS1 on media 
with select toxic nucleobase analogs. 
Figure 1. Amino acid sequence similarity and phylogenetic relationship of CrNCS1. 
Figure 3. Radiolabeled nucleobase 
uptake studies in S. cerevisiae.  
Biochemical analysis of CrNCS1  
Figure 4. Rate and affinity of CrNCS1 for purine 
and pyrimidine nucleobases determined using time 
course experiments and homologous competition in 
yeast expressing CrNCS1. 
Figure 5. Radionuclobase uptake 
in the presence of protonophore 
or Na+ pump uncoupler. Yeast 
cells expressing CrNCS1 were 
exposed to CCCP and ouabain-
octohydrate.  
 
Solute  CrNCS1  
Adenine Transport 
Guanine Transport 
Uracil Transport 
Cytosine Bind 
5-Fluorocytosine Bind 
Xanthine No Transport 
Hypoxanthine No Transport 
Uric Acid Bind 
•CrNCS1 is a high affinity adenine and uracil transporter 
•This substrate profile is parallel to that of the previously characterized 
Arabidopsis thaliana NCS1 suggesting that the solute specificity for plant 
NCS1 developed early in plant evolution.  
•The solute transport specificity seen in CrNCS1 and AtNCS1 shows a 
stark difference when compared to specificities of single cell fungal NCS1 
proteins.  
 
